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'SF^ - [(ISF^ J' + (ISF^T. 

Applying this equation to the values shown above, one can solve for the estimated 'true' 
value of the ISF error tem: 
ISF^, - I(1SF,^,)> . (Blood^)']«. 
Or, solving the equation, 
ISF^ = ((13.4)' - (8.3)'r = 10.5 mg/dl. 

A histogram of the relative deviation of the ISF to the blood glucose levels is shown in 

FIG. 27. 

Drug Delivery through Pores in the Stratum Comeum 

The present invention also includes a method for the delivery of drugs, including drugs 
currently delivered transdemally. through micro-pores in the stratum comeum. In one illustrative 
embodiment, the delivery is achieved by placing the solution in a reservoir over the poiation site 
m another illustrative embodiment, a pressure gradient is used to further enhance the delivery 
In still another illustrative embodiment, sonic energy is used with or without a pressure gradient 
to further enhance the delivery. The sonic energy can be operated according to traditional 
transdemial parameters or by utilizing acoustic streaming effects, which will be described 
momentarily, to push the delivery solution through the porated stratum comeum. 

Example 15 

This example shows the use of stratum comeum poration for the delivery of lidocaine 
a topical analgesic. The lidocaine solution also contained a chemical pemieation enhancer 
fomiulation designed to enhance its passive diffusion across the stratum comeum. A drawing of 
an illustrative delivery apparatus 300 is shown in FIG. 28. wherein the apparatus comprises a 
housing304enclosingareservoir308forholdingadmg.containingsolution312. The top portion 
of the housing comprises an ultrasonic transducer 316 for providing sonic energy to aid in 
transporting the drug-containing solution through micropores 320 in the stratum comeum 324. A 
port 328 in the ultrasonic transducer pemiits application of pressure thereto for further aiding in 
transporting the drug-containing solution through the micropores in the stratum comeum. TTie 
delivery apparatus is applied to a selected area of an individual's skin such that it is positioned 
over at least one. and preferably a plurality, of micropores. An adhesive layer 332 attached to a 
lower portion of the housing pemiits the apparatus to adhere to the skin such that the drug- 
containing solution in the reservoir is in liquid communication with the micropores. Delivery of 
the drug through the micropores results in transport into the underiying epidemiis 336 and dem>is 
340. 

Five subjects were tested for the effectiveness of drug delivery using poration together 
with ultrasound. The experiment used two sites on the subjects left forearm about three inches 
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Za»x ul»,„,c ^sdoca, assai^b^, se, 1„ ba» „,d. ^ o.4 Vote p»k u, p»k i„p„, ^ 
1000 coon, bums occoning „ |0 Hz ,ri,b . 65.4 kHz ftod™™,., ft«,„„., . 

modulated slg„.l„i,h ft. ™sdue.r.„.,giz.dfo, ,5 „misaco„dbm«,««ito',„„,';d off fo, 
the next 85 mllllseeonds. The measu™, output of the «npll«er t. the tran«lucer was 0.090 vm, 

RMS. 

After application of the lidocaine. sensation measurements were made by nibbing a 30 
gauge wire across the test site. Experiments were executed on both sites. Site 1 for 10 to 12 
mmute duntion and Site 2 for two 5 minute dunttion intervals applied ^rially to the same site 
Both sites were assessed for numbness using a scale of 10 to 0. where 10 indicated no numbness 
and 0 mdicated complete numbness as reported by the test subjects. The following summary of 
results is for all 5 subjects. 

The control site, site 1. presented little to no numbness (scale 7 to 10) at 10 to 12 
mmutes. At approximately 20 minutes some numbness (scale 3) was observed at site 1 as the 
solution completely permeated the stratum comeum. Site 1 was cleanedat the completion of the 
hdocaine application. Site 2 presented nearly complete numbness (scale 0 to 1 ) in the 1 cm circle 
containing the potations. Outside the 1 cm diameter circle the numbness fell off almost linearly 
to I at a 2.5 cm diameter circle with no numbness outside the 2.5 cm diameter circle 
Assessment of site 2 after the second application resulted in a slightly larger totally numb cin:le 
of about 1.2 cm diameterwith numbness falling off linearly to 1 in an irregular oval pattern with 
a diameterof 2 to 2.5 cm pen,endicularto the forearm and a diameterof 2 to 6 cm parallel to the 

forearm. Outside the area no numbness was noted. A graphic representation of illustrative results 
obtamed on a typical subject is shown in FIGS. 29A-C. FIGS. 29A and 29B show the results 
obtamed at Site 2 (porated) after 5 and 10 minutes, respectively. FIG. 29C shows the ..suits 
obtamed at Site 1 (control with no poration). 

Sonic Energy and Enhancers for Enhancing Transdermal Flux 

The physics of sonic energy fields created by sonic transducers can be utilized in a 
method by which sonic frequency can be modulated to improve on flux rates achieved by other 
methods. AS shown in FIG. 1 of U.S. Patent No. 5.445.611. hereby incorporated herein by 
reference, the energy distribution of an sonic transducer can be divided into near and far fields 
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The near field, characterized by length N. is the zone from the fim energy minimum to the last 
energy maximum. The zone distal to the last maximum is the far field. The near(N) field patten, 
.s dominated by a large number of closely spaced local pressure peaks and nulls. The length of 
the near field zone. N. is a function of the frequency, size, and shape of the transducer face, and 
the speed of sound in the medium through which the ultrasound travels. For a single transducer 
intensity variations within its normal operating range do not affect the nature of the sonic eneigy 
distribution other than in a linear fashion. However, for a system with multiple transducer, all 
bemg modulated in both frequency and amplitude, the relative intensities of separate transducers 
do affect the energy distribution in the sonic medmm. regardless of whether it is skin or another 
medium. 

By changing the frequency of the sonic energy by a modest amount, for example in the 
range of about 1 to 20%. the pattern of peaks and nulls remains relatively constant, but the length 
N of the near field zone changes in direct proportion to the frequency. Major changes the 
frequency, say a factor of 2 or more, will most likely pKKhice a different set of resonances or 
vibrational modes in the transducer, causing a significantly and unpredictably different near field 
energypattem. Thus, with a modest change in the sonic frequency, the complex patten, of peaks 
and nulls is compressed or expanded in an accordion-like manner. By selecting the direction of 
frequency modulation, the direction of shift of these local pressure peaks can be controlled By 
applying sonic energy at the surface of the skin, selective modulation of the sonic frequency 
controls movement of these local pressure peaks through the skin eithertoward the interior of the 
body or toward the surface of the body. A frequency modulation from high to low drives the 
pressure peaks into the body, whereas a frequency modulation from low to high pulls the pressure 
peaks from within the body toward the surface and through the skin to the outside of the body. 

Assuming typical parameters for this application of. for example, a 1.27 cm diameter 
sonic transducer and a nominal operating frequency of 10 MHz and an acoustic impedance similar 
to that of water, a frequency modulation of 1 MHz produces a movement of about 2.5 mm of the 
peaks and nulls of the near field energy pattern in the vicinity of the stratum comeum. From the 
perspective of transdennal and/or transmucosal withdrawal of analytes, this degree of action 
provides access to the area well below the stratum comeum and even the epidennis. dennis, and 
other tissues beneath it. For any given transducer, there may be an optimal range of frequencies 
within which this frequency modulation is most effective. 

The flux of a dnig or analyte across the skin can also be increased by changing either the 
resistance (the diffusion coefficient) or the driving foree (the gradiem for dif!\.sion). Flux can be 
enhanced by the use of so-called penetration or chemical enhancers. 

Chemical enhancers are comprised of two primary categories of components, i.e., cell- 
envelope disordering compounds and solvents or binary systems containing both cell-enJelope 
disordering compounds and solvents. 
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Cel. envelope disordering compounds ^re known In tf,e art as being useful in topical 
phannaceut,cal preparations and function also in analyte withdrawal through the skin These 

con,poundsarethoughttoassistinskinpenetrationbydisordering.helipidstn.ctureofthestra^^ 
corneu.ce.l.envelopes.Acon,prehensive.is.ofthesecon,poundsisdescribedin^^^^^^^^ 
Appl,cat.on 43.738. published June 13. ,982, which is incon^orated herein by reference It is 
beheved that any cel. envelope disordering compound is usefi. for pun^ses of this invention 

U.S. Patent 4.537.776. Cooper, issued August 27. 1985. contains an excellent summaw 
of pnor art and backg^und infonnation detailing the use of cenain binary systems for penneant 
enhancement. Because of the completeness of that disclosure, the information and terminology 
utilized therein are incoiporated herein by reference. 

Similarly. European Patent Application 43.738. refeoed to above, teaches using selected 

d.ols as solventsalongwithabroadcategoryofcell-envelopedisorderingcompounds for delivery 
of hpophilic Pharmacologically-activecompounds. Because of the detail in disclosing the cell- 
envelope disordering compounds and the diols. this disc W of European Patent Application 
43,738 IS also incorporated herein by reference. 

A binao- system for enhancing metodopramide penetration is disclosed in UK Patent 
Application GB 2.153.223 A. published August 21. ,985. and consists of a monovalent alcohol 

ester ofaC8-32aliphaticmonocarboxylicacid(unsaturatedand/or branched ifC,8-32)oraC6-24 
ahphafc monoalcohol (unsaturated and/or branched if C,4-24) and an N-cydic compound such 
as 2-pyrrolidone, N-methylpyrrolidone and the like. 

Combinations of enhancers consisting of diethylene glycol monoethyl or monomethyl 
ether with propyleneglycolmonolaurateandmethyl laurate are disclosed in U.S. Pate„t4 973 468 
as enhancing the transdermal deliveiy of ste^ids such as progestogens and estrogens." A dual 
enhancerconsisting of glycerol monolaurate and ethanol for the transderntal delivery of drugs is 
shown in U.S.Patent4.820.720. U.S. Patent 5.006.342 lists numerous enhancers for transdermal 
drug administration consisting of fatty acid esters or fany alcohol ethers of C, to C, alkanediols 
where each fatty acid/alcohol portion of the ester/ether is of about 8 to 22 carbon atoms U s' 
Pa.ent4.863.970 shows penetration-enhancingcompositions for topical application comprising an 
acfve penneant contained in a penetration-enhancing vehicle containing specified amounts of one 

ormorecell-envelopedisorderingcompoundssuchasoleicacid.oleylalcohol.andglycerolesten 
of oleic acid; a C, or C, alkanol and an inert diluent such as water. 
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Other chemical enhancer., not nccessarllyassociatedwith binary systemsincIudeDMSO 
or aqueous solutions of DMSO such as taught in Henchler. U.S. Patent 3.551.554- Henchler 
U.S. Patent 3.71 ,.602; and Herschier. U.S. Patent 3.71 1.606. and the azones (n-substituted-alkyl- 
azacycloa!kyI-2.ones)$uch as noted in Cooper, U.S. Patent 4.557,943. 

Some chemical enhancer systems may possess negative side effects such as toxicity and 
skin imtation. U.S. Patent 4.855.298 discloses compositions for educing skin imitation caused 
by chemical enhancercontaining compositions having skin imtation properties with an amount of 
glycerin sufficient to provide an anti-irritating effect. 

Because the combination of microporation of the stratum comeum and the application of 
some energy accompanied by the use of chemical enhancers can result in an improved rate of 

analyte withdrawal or permeant delivery through the stratum con,eum. the specific carriervehicle 
and particularly the chemical enhancerutilized can be selected from a long list of prior art vehicles 
some of which are mentioned above and incorporated herein by reference. To specifically detail 
or enumerate that which is readily available in the art is not thought necessary. The invention is 
not drawn to the use of chemical enhancers per se and it is believed that all chemical enhancen 
useful m the delivery of drugs through the skin, will function with dyes in optical microporation' 
and also with sonic energy in effecting measurable withdrawal of analytes fh,m beneath and 
through the skin surface or the delivery of permeants or drugs through the skin surface 



Example 16 

Modulated sonic energy and chemical enhancers were tested for their ability to control 
transdermal flux on human cadaverskin samples. In these tests, the epidennal membrane had been 
separated from the human cadaver whole skin by the heat-separation method of Example 1 Tl,e 
epidermal membrane was cut and placed between two halves of the permeation cell with the 
stratum comeum facing either the upper (donor) compartment or lower (receiver) compartment 
Modified Franz cells were used to hold the epidermis, as shown in FIG. 2 of U.S Patem No 
5.445.61 1. Each Fianz cell consists of an upper chamberand a lower chamber held together with 
one or more clamps. The lower chamber has a sampling pon through which materials can be 
added or removed. A sample of stratum comeum is held between the upper and lower chambers 
when they are clamped together. The upper chamber of each Franz cell is modified to allow an 
ultrasound transducerto be positioned within 1 cm ofthe stratum comeum membrane. Methylene 
blue solution was used as an indicator molecule to assess the pemieation ofthe stratum comeum 
A visual record of the process and results of each experiment was obtained in a time stamped 
magnetic tape fomiat with a video camera and video cassette recorder (not shown). Additionally 
samples were withdrawn for measurement with an absorption spectrometer to quantitate the 
amount of dye which had traversed the stratum comeum membrane during an experiment 



wo 97/07734 



PCT/US96/13865 



53 



Chemical enhanccnsuiuble for use could varyoverawide range of solvents and/or ccllenveb^^ 
disordering compounds as noted above. The specific enhancer utilized was- 

ethanol/glycerol/water/glyceroImonooleate/methyllauratein50/30/15/2.5/2.5volumenitios The 
system for producing and controlling the sonic energy included a programmable 0-30 MHz 
arbitrary waveform generator (Stanford Reserach Systems Model DS345). a 20 watt 0-30 MHz 
amplifier, and two unfocused ultrasound immersion transducers having peak resonances at 15 and 
25 MHz. respectively. Six cells were prepared simultaneously for testing of stratum comeum 
samples from the same donor. Once the stratum comeum samples were installed, they were 
allowed to hydrate with distilled water for at least 6 hours before any tests were done. 

Example 17 

Effects of Sonic Energy without Chemical Enhancers 

AS stated above in ExampIel6.theheat-separatedepidem,iswasplacedintheFranzcells 
w.th the epidennal side feeing up. and the stramm comeum side facing down, unless noted 
otherw.se. Tb. lower chambers were filled with distilled water, whereas the upper chambers were 
filled with .concentrated methylene blue solution in distilled water. 

Heat Separated Fpid.nn.r Immediately after filling the upper chambers with methylene 
blue solution, sonic energy was applied to one of the cells with the transducer fully immened 
This orientation would correspond, for example, to having the transducer on the opposite side of 
a fold of skin, or causing the sonic energy to be reflected off a reHector plate similarly positioned 
and being used to "push" analyteout of the other side of the fold into a collection device The 
son,c energy sening was initially set at the nominal operating frequency of 25 MHz with an 
intensity equivalent to a 20 volt peak-to-peak (P.P) input wave fom,. n,is corresponds to roughly 
a I watt of average input power to the transducer and similarly, assuming the manufacturer's 
nommal value for conversion efficiency of 1% for this particular transducer, a sonic ouq,ut power 
of around 0.0. watts over the 0.7g cm' surface of the active area or a sonic intensity of 0 .3 
watts/cm'. Three other control cells had no sonic energy applied to them. After 5 minutes the 
sonic energy was tumed off. No visual indication of dye flux across the stratum comeum was 
observed during this interval in any of the cells, indicating levels less than approximately 0.001 5% 
(v/v) of dye solution in 2 ml of receiver medium. 

Testing of these same 3 control cells and 1 experimental cell was continued as follows 
The mtensity of sonic energy was increased to the maximum possible output available from the 
dnvmg equipment of a 70 volt peak-to-peak input 12 watts average power input or (=0 13 
watts/cm') of sonic output intensity. Also, the frequency was set to modulate or sweep from 30 
MHz to 1 0 MHz. This 20 MHz sweep was perfom^ed ten times per second, i.e.. a sweep rate of 
10 Hz. At these Input power levels, it was necessary to monitor the sonic energy transducer to 
avoid overheating. A contact them,ocouple was applied to the body of the transducer and power 
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was cycled on and off to maintain maximum temperature of the transducer under 420C After 
about 30 minutes of cycling maximum power at about a 50% duty cycle of 1 minute on and 1 
mmute off. there was still no visually detectable pem,eation of the stratum comeum by the 

methylene blue dye. 

A cooling water jacket was then attached to the sonic energy transducer to permit 
extended excitation at the maximum energy level. Using the same 3 controls and 1 experimental 
cell, some energy was applied at maximum power for 12 houn to the experimental cell During 
this time the temperature of the fluid in the upper chamber rose ,0 only 35'C. only slightly above 
the approximately 310C nonnal temperatu«of the stratum comeum in vivo. No visual evidence 
of dye flux through the stratum comeum was apparem in any of the four cells after 12 hrs. of 
sonic energy applied as described above. 

Example 18 

Effects of Sonic Energy without Chemical Enhancers 

Perforated Stratum romr..m : Six cells were prepared as described above in Example 16 
The clamps holding the upper and lower chambet, of the Franz cells were tightened greater than 
the extent required to nom^ally seal the upper compartment from the lower compartment, and to 
the extent to artificially introduce perforations and "pinholes" into the heat-separated epidem,al 
samples. When dye solution was added to the upper chamberof each cell, there were immediate 
vsual indications of leakage of dye into the lower chambers through the perforations fom,ed In 
the stratum comeum. Upon application of sonic energy to cells in which the stratum comeum was 
so perforated with small "pinholes." a rapid increase in the transport of fluid through a pinhole in 
the stratum comeum was observed. The rate of transport of the indicator dye molecules was 
directly related to whether the sonic energy was applied or not. That is. application of the sonic 

energy caused an immediate(lagtimeapproximately<0.1second)pulseoftheindicatormolecules 
through the pinholes in the stratum comeum. This pulse of indicator molecules ceased 
immediately upon tuming off of the sonic energy (a shutoff lag of approximately <0.1 second). 
The pulse could be repeated as described. 

Example 19 

Effects of Sonic Energy and Chemical Enhancers 

Two different chemical enhancer fomiulations were used. Chemical Enhancer One or 
CEI was an admixture of ethanol/glycerol/water/glycerol monooleate/methyl laurate in a 
50/30/15/2.5/2.5 volume ratio. These are components generally regarded as safe. i.e. GRAS. by 
the FDA for use as phamiaceutical excipients. Chemical EnhancerTwo or CE2 Is an experimental 
fomiulation shown to be very effective in enhancing transdem,al dmg delivery, but generally 
considered too irritating for long tern, transdemial delivery applications. CE2 contained 
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cthanol/glycerol/water/lauradonc/methyllaurate in the volume ratios 50/30/15/2.5/2.5 Uundone 
.s the iauryl (dodecyl) ester of 2-pyrrolidone-5- carboxylic acid fPCA-) and is also referred to 
as Iauryl PCA. 

Six Franz cells wer. set up as before (Example 16) except that the heat separated 
epidermis was installed with the epidermal layer down. i.e.. stratum comeum side facing up 
Hydration was established by exposing each sample to distilled water overnight. To begin the 
experiment, the distilled water in the lower chamber, was replaced with methylene blue dye 
solution in all six cells. TTie upper chambers were filled with distilled water and the cells were 
observed for about 30 minutes confirming no passage of dye to ensure that no pinhole perforations 
were present in any of the cells. When none were found, the distilled water in the upper chambers 
was removed from four of the cells. The other two cells served as distilled water controls TTie 
upper chambers of two of the experimental cells were then filled with CEl and the other two 
experimental cells were filled with CE2. 

Sonic energy was immediately applied to one of the two CE2 cells. A 25 MHz 
transducer was used with the frequency sweeping every 0. 1 second from 10 MHz to 30 MHz at 
maximum intensity of «0.13 watts/cml After 10-15 minutes of sonic energy applied at a 50o/. 
duty cycle, dye flux was visually detected. No dye flux was detected in the other five cells. 

Sonic energy was then applied to one of the two cells containing CEl at the same 

settings. Dye began to appear in the upper chamber within 5 minutes. Thus, sonic energy 

togetherwithachemicalenhancersignificantlyincreasedthetransdermal flux rate ofamarkerdye 
through the stratum comeum. as well as reduced the lag time. 

Example 20 

Effects of Sonic Energy and Chemical Enhancers 

Formulations of the two chemical enhancers. CEl and CE2. were prepared minus the 
glycenn and these new fonnulations, designated CEIMG and CE2MG. were tested as before 
Water was substituted for glycerin so that the proportions of the other components remained 
unchanged. Three cells were prepared in modified Franz cells with the epidermal side of the heat 
separated epidennis samples facing toward the upper side of the chambers. These samples were 
then hydnited in distilled water for 8 hours. After the hydration step, the distilled water in the 
lower chambers was replaced with either CEIMG or CE2MG and the upper chamber was filled 
with the dye solution. Sonic energy was applied to each of the three cells sequentially. 

Upon application of pulsed, frequency-modulated sonic energy for a total duration of less 
than 10 minutes, a significant increase in permeability of the stratum comeum samples was 
observed. The pemieability of the stratum comeum was altered relatively unifomily across the 
area exposed to both the chemical enhancerand sonic energy. No "pinhole" perforations through 
which the dye could traverse the stratum comeum were observed. The transdem,al fiux rate was 
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.nstantly controllable by tun,ing the sonic energy on or off. Turning the sonic energy off appeared 

to .nstantlyreducethetransdeHnamuxnitesuchthatno dye was visibly beingactivelytnms^^^^ 
through the skin sample; presumably the rate was reduced to that of passive diffusion. Turning 
the son,c energy on again instantly resumed the high level flux rate. The modulated mode 
appeared to provide a regular pulsatile increase in the transdennal flux rate at the modulated rate 

When the sonic energy was set toaconstantfrequency.themaximumincreasein transdermal flux 
rate for this configuration seemed to occur at around 27 MHz. 

Having obtained the same resulu with all three samples, the cells wens then drained of 
all fluids and flushed with distilled water on both sides of the stratum comeum. TT.e lower 
chambers were then immediately filled with distilled water and the upper chambers were refilled 
With dye solution. The cells were observed for 30 minutes. No holes in the stratum comeum 
samples were observed and no large amount of dye was detected in the lower chambers. A small 
amount of dye became visible in the lower chamber, probably due to the dye and enhancer 
trapped in the skin samples from their previous exposures. After an additional 12 hours, the 
amount of dye detected was still very small. 



Example 21 

Effects of Sonic Energy and Chemical Enhancers 

Perforated Stratum romrnm- Three cells were prepared with heat-separated epidem,is 
samples with the epidermal side facing toward the upper side of the chamber from the same donor 
as m Example 16. The samples were hydrated for 8 hours and then the distilled water in the 
lower chambers was replaced with either CEIMG or CE2MG. The upper chambers were then 
filled with dye solution. Pinhole perfomions in the stratum comeum samples pem,it.ed dye to 
leak through the stratum comeum samples into the underlying enhancer containing chambers 
Some energy was applied. Immediately upon application of the sonic ene.^. the dye molecules 
were rapidly pushed through the pores. As shown above, the rapid flux of the dye through the 
pores was directly and immediately correlated with the application of the sonic energy. 

Example 22 

Effects of Sonic Energy and Chemical Enhancers 

A low cost sonic energy transducer. TDK #NB.58S-01 (TDK Con,.), was tested for its 
capability to enhance transdemial flux rates. The peak response of this transducer was detemjined 
to be about 5.4 MHz with other local peaks occurring at about 7 MHz. 9 MHz. 12.4 MHz. and 
16 MHz. 

This TDK transducer was then tested at 5.4 MHz for its ability to enhance transdem,al 
flux rate in conjunction with CEIMG. Three cells were set up with the epidemial side facing the 
lower chamber, then the skin samples were hydrated for 8 hrs. The dye solution was placed in 
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the lowerchamber. The transducerwas placed in the upper chamber immersed in CEIMG Usino 

swept t«<,uenciesf™m5.3to5.6 MHz as the sonic energyexcitation.significantq^^^^^^^^ 
moved through the stratum comeum and were detected in the collection well of the cell in 5 
mmutes. Local heating occurred, with the transducer reaching a temperature of 48oc. In a control 
usmg CEIMG without sonic energy, a 24 hour exposure yielded less dye in the collection well 
than the 5 minute exposure with sonic energy. 

This example demonstrates that a low cost, low frequency sonic energy transducer can 
strdcmgly affect transdermal flux n>te when used In conjunction with an appropriate chemical 

enhancer. Although higher frequency sonic energy will theoretically concentratemore energy in 
the stratum comeum. when used with a chemical enhancer, the lower frequency modulated sonic 
energy can accelerate the transdennal flux rate to make the technology useful and practical. 

Example 23 

Demonstn.tionofmolrr„l.mip n tionacro.ssh..mansHn: TestswiththeTDKtra«sducer 
and CEIMG described above were repeated at about 12.4 MHz, one of the highest local resonant 
peaks for the transducer, with a frequency sweep at a 2 Hz rate from 12.5 to 12.8 MHz and an 

sonicenergydensitylessthan0.1W/cmlTheepidermal,ideoftheheat.separatedepider™«^ 
facng down, the dye solution was in the lower chamber, and the enhancer solution and the sonic 
energy were placed In the upper chamber. Within 5 minutes a significant amount of dye had 
moved across the stratum comeum into the collection well. Ohmic heating In the transducerwas 
s,gmncamly less than with the same transducer being driven at 5.4 MHz. causing an Increase in 
temperature of the chemical enhancer to only about 330C. 

Even at these low efficiency levels, the results obtained with CEIMG and sonic energy 
f^om the TDK transducer were remarkable in the monitoring direction. FIGS. 3A and 3B of U S 
Patent No. 5.445.61 1 show plots of data obtained from three separate cells with the trandermal 
flux rate measured in the monitoring direction. Even at the 5 minute time point, readily 
measurable quantities of the dye were present In the chemical enhancer on the outside of the 
stratum comeum. indicating transpon from the epidermal side through the stratum con,eum to the 
"outside" area of the skin sample. 

To optimize the use of the sonic energy or the sonic energy/chemical enhancer approach 
for collecting and monitoring analytes from the body, means for assaying the amount of analyte 
of mterest are required. An assay system that takes muhiple readings while the unit is in the 
process of withdrawing analytes by sonic energy with or without chemical enhancers makes it 
unnecessary to standardize across a broad population base and nonnalize for different skin 
characteristics and flux rates. By plotting two or more data points In time as the analyte 
concentration In the collection system is Increasing, a curve-fitting algorithm can be applied to 
determine the parameters describing the curve relating analyte withdrawal or flux rate to the point 
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at which equilibrium is reached, thereby establishing the measure of the interval concentration 
The general fonr, of this curve is invariant from one individual to another, only the parameters 
change. Once these parameters are established, solving for the steady state solution (i e time 
equals infinity) of this function, i.e.. when full equilibrium is established, provide! the 
concentration of the analyte within the body. Thus, this app^ach pennits measurements to be 
made to the desired level of accuracy in the same amount of time for all members of a population 
regardless of mdividual variations in skin permeability. 

Severalexistingdetectiontechniquescurremlyexistthatar^adaptablefor this application 
See. D.A. Christensen. in 1648 Proceedings of Fiber Optic. Medical and Fluorescem Sensor, and 
Applications 223-26 (1992). One method involves the use of a pair of optica, fibers that are 
positioned close together in an approximately parallel manner. One of the fibers is a source fiber 
through Which light energy is conducted. The other fiber is a detection fiber connected to a 
photosensitive diode. When light is conducted through the source fiber, a portion of the light 
energy, the evanescent wave, is present at the surface of the fiber and a ponion of this light energy 
.s collected by the detection fiber. The detection fiber conducts the captured evanescent wave 
energy to the photosensitive diode which measures it. The fibe« are treated with a binder to 
attract and bind the analyte that is to be measured. As analyte molecules bind to the surface (such 
as the analyte glucose binding to immobilized lectins such as concanavalin A. or to immobilized 
anti-glucose antibodies) the amount of evanescent wave coupling between the two fibers is 
changed and the amount of energy captured by the detection fiber and measured by the diode is 
changed as well. Several measun=ments of detected evanescent wave energy over short periods 
of t.me support a rapid detennination of the parameters describing the equilibrium curve thus 

makingpossible calculationoftheconcentrationof the analytewithin the body. The experimental 
results showing measurable flux within 5 minutes (FIGS. 3A and 3B of US Patent No 
5.445.61 1) with this system suggest sufficient data for an accurate final reading are collected 

within 5 minutes. 



m .ts most basic embodiment, a device that can be utilized for the application of sonic 

ene.:gyandcollectionofanalytecomprisesanabsori,empad.eitherof natural or syntheticmaterial 
wh.ch serves as a reservoir for the chemical enhancer, if used, and for receiving the analyte from 
the skm surface. The pad or reservoir is held in place, either passively or aided by appropriate 
fastenmg means, such as a strap or adhesive tape, on the selected area of skin surface. 

An sonic energy transducer is positioned such that the pad or reservoir is between the skin 
surface and the transducer, and held in place by appropriate means. A power supply is coupled to 
the transducer and activated by switch means or any other suitable mechanism. The transducer 
.s activated to deliver sonic energy modulated in frequency, phase or intensity, as desired to 
deliver the chemical enhancer, if used, from the reservoir through the skin surface followed by 
collection of the analyte from the skin surface into the reservoir. After the desired fixed or 
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variable time period, the transducer is deactivated. The pad or reservoir, now containing the 
analyte of interest, can be removed to quantitate the anaiyte. for example, by a laboratory utilizing 
any number of conventional chemical analyses, or by a portable device. Alternately the 
mechanism for quantitating the analyte can be build into the device used for collection of the 
analyte. either as an integral portion of the device or as an anachment. Devices for monitoring 
an analyte are described in U.S. Patent No. 5.458.140. which is incorporated herein by reference. 

Example 24 

An altemate method for detection of an analyte. such as glucose, following the sample 
collection through the porated skin surface as described above, can be achieved through the use 
of enzymatic means. Several enzymatic methods exist for the measurement of glucose in a 
biological sample. One method involves oxidizing glucose in the sample with glucose oxidase to 
generate gluconolactone and hydrogen peroxide. In the presence of a colorless chromogen the 
hydrogen peroxide is then converted by peroxidase to water and a colored product. 
Glucose Oxidase 

► Gluconolactone + HA 

2 H,0, + chromogen . , h,0 + colored product 

The intensity of the colored product will be proportional to the amoum of glucose in the fluid. 
TTiis color can be detennined through the use of conventional absorbanceor reHectance methods. 
By calibration with known concentrations of glucose, the amount of color can be used to 
determine the concenn-ation of glucose in the collected analyte. By testing to detennine the 
relationship, one can calculate the concentration of glucose in the blood of the subject. This 
information can then be used in the same way that the information obtained from a blood glucose 
test from a finger puncture is used. Results can be available within five to ten minutes. 

Example 25 

Any system using a visual display or readout of glucose concentration will indicate to a 
diagnostician or patient the need for administiation of insulin or other appropriate medication. In 
critical care or other situations where constant monitoring is desired and corrective action needs 
to be taken almost concurrently, the display may be connected with appropriate signal means 
which triggers the administration of insulin or other medication in an appropriate manner. For 
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example, there are insulin pumps which are implamed into the peritoneum or other body cavity 
Which can be activated in response to external or internal stimuli. Alten,atively. utilizing the 
enhanced transdermal flux rates possible with micro-poration of the stratum comeum and other 
techniques described in this invention, an insulin delivety system could be implemented 
transdennally, with control of the flux rates 

modulated by the signal from the glucose sensing system. ,n this manner a complete biomedical 
control system can be available which not only monitors and/or diagnoses a medical need but 
simultaneously provides corrective action. 

Biomedical control systems ofasimilar nature could be provided in other situations such 
as maintaining correct electrolyte balances or administering analgesics in response to a measun^d 
analyte parameter such as prostaglandins. 



Example 26 

Similar to audible sound, sonic waves can undergo reflection, reflection, and absorption 
when they encounter another medium with dissimilar propenies [D. Bommamian et al.. 9 Pfaann. 
Ee. 559 (1 992)]. Reflectors or lenses may be used to focus or otherwise control the distribution 
of sonic energy in a tissue of interest. For many locations on the human body, a fold of flesh can 
be found to support this system. For example, an earlobe is a convenient location which would 
allow use of a reflector or lens to assist in exerting directional control (e.g.. "pushing" of analytes 
or penneants through the porated stratum corT,eum) similar to what is realized by changing sonic 
frequency and intensity. 



Example 27 

Multiple sonic energy transducers may be used to selectively direct the direction of 
transdermal flux through porated stratum cor^eum either into the body or from the body. A fold 
of skin such as an earlobe allow transducer to be located on either side of the fold. The 
transducers may be energized selectively or in a phased fashion to enhance transdermal flux in the 
desired direction. An array of transducers or an acoustic circuit may be constructed to use phased 
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array concepts, similar to those developed for radar and microwave communications systems, to 
direct and focus the sonic energy into the area of interest. 



Example 28 

m this example, the procedure of Example 19 is followed with the exception that the 
heat-separated epidennis samples are first treated with an excimer laser (e.g. model EMO/200 of 
Lambda Physik; 1 93 nm wavelength. 14 ns pulsewidth) to ablate the stratum comeum according 
to the procedure described in U.S. Patent No. 4.775.361. hereby incorporated by reference. 

Example 29 

In this example, the procedure of Example 19 is followed with the exception that the 
heat-separated epidermis samples are first treated with l.r-diethyI.4.4'-carbocyanine iodide 
(Aldrich. X_=703 nm) and then a total of 70 raJ/cmVsO ms is delivered to the dye-treated sample 
with a model TOLD9150 diode laser (Toshiba America Electronic. 30 m W at 690 mn) to ablate 
the stratum comeum. 

Example 30 

In this example, the procedure of Example 29 is followed with the exception that the dye 
is indocyanine green (Sigma cat. no. 1-2633; X„„=775 nm) and the laser is a model Diollte 800-50 
(LiCONiX. 50 mW at 780 nm). 

Example 3 1 

In this example, the procedureofExample29 is followed with the exception thatthe dye 
is methylene blue and the laser is a model SDL-8630 (SDL Inc.; 500 mW at 670 nm). 

Example 32 

In this example, the procedure of Example 29 is followed with the exception that the dye 
is contained in a solution comprising a permeation enhancer, e.g. CEl. 
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Example 33 

m this example, the procedure of Example 29 Is followed with the exception that the dye 
and enhancer-containing solution are delivered to the stratum comeum with the aid of exposure 

to ultrasound. 



Example 34 

m this example, the procedure of Example 31 is followed with the exception that the 
pulsed light source is a short arc lamp emitting over the broad range of 400 to 1 100 nm but 
having a bandpass filter placed In the system to limit the output to the wavelength region of about 
650 to 700 nm. 



Example 35 

m this example, the procedure of Example 19 is followed with the exception that the 
heat-separated epidennis samples are fir., punctured with a microlancet (Becton Dickinson) 
calibratedto produce a micropore in the stratum comeum without reachingthe undeHying tissue. 

Example 36 

In this example, the procedure of Example 19 Is followed with the exception that the 
heat-sepamedepidennis samples are first treated with focused sonic energy in the range of 70^80 
mJ/cmV50 ms to ablate the stratum comeum. 

Example 37 

In this example, the procedure of Example 19 is followed with the exception that the 
stratum comeum is first punctured hydraulically with a high pressure jet of fluid to fom, a 
micropore of up to about 100 nm diameter. 



^^'^^^'^-^ PCT/US96/13865 

63 . 
Example 38 

In this example, the procedure of Example 19 is followed with the exception that the 
stratum comeum is first punctured with short pulses of electricity to form a micropore of up to 
about 100 ;im diameter. 



Example 39 

Acoustic Streaming 

A new mechanism and application of sonic energy in the delivering of therapeutic 
substances into the body and/or harvesting fluids from within the body into an external reservoir 
through micro-porations formed in the stratum comeum layer will now be described. An 
additional aspect of this invention is the utilization of sonic energy to create an acoustic streaming 
effect on the fluids flowing around and between the intact cells in the epidennis and dennis of the 
human skin. Acoustic streaming is a well documented mode by which sonic energy can interact 
with a fluid medium. Nyborg, Physical Acoustics Principles and Methods, p. 265-33 1, Vol H-Part 
B. Academic Press, 1965. n,e first theoretical analysis of acoustic streaming phenomenon w« 
given by Rayleigh (1884. 1945). In an extensive treatment of the subject. Longuet-Higgins 
(1953-1960) has given a resuh applicable to two dimensional flow that results in the near vicinity 
of any vibrating cylindrical surface. A three dimensional approximation for an arbitraiy surface 
was developed by Nyborg ( 1 958). As described by Fairbanks et al.. 1 975 Ultrasonics Symposium 
Proceedings. IEEE Cat. #75. CHO 994-4SU. sonic energy, and the acoustic streaming phenomenon 
can be of great utility in accelerating the flux of a fluid through a porous medium, showing 
measurable increases in the flux rates by up to 50 times that possible passively or with only 
pressure gradients being applied. 

All previous transdermal delivery or extraction efforts utilizing ultrasound have focused 
on methods of interaction between the sonic energy and the skin tissues designed to permeabilize 
the stratum comeum layer. The exact mode of interaction involved has 
been hypothesized to be due exclusively to the local elevation of the temperature in the SC layer, 
and the resultant melting of the lipid domains in the intercellular spaces between the comeocytes. 
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Srinivasan ct al. Other researchers have suggested that micrccavitations and or shearing of the 
structures in the stratum comeum opens up channels through which fluids may flow morereadily. 
In general, the design of the sonic systems for the enhancement of tiansdennal flux rates has been 
based on the early realization that the application of an existing therapeutic ultrasound unit 

designed to producea-deep-heating-efl'ecton the subject, when used in conjunction withatopical 
application of a gelled or liquid preparation containing the drug to be delivered into the body, 
could produce a quantifiable increase in the flux rate of the dn.g into the body, in the context of 
the method taught herein to create micro-pores in this barrier layer, the use of sonic energy may 
now be thought of in a totally new and different sense than the classically defined concepts of 
sonophoresis. 

Based on the experimentaldiscovenrmentionedinU.S.patents5.458.140and5.445.6n 
that when a small hole existed or was created in the stratum comeum (SC) in the Fnnz cells used 
in the in vitro studies, that the application of an appropriately driven ultrasonic transducer to the 
fluid reservoir on either side of the porated SC sample, an "acoustic streaming" event could be 
generated whe^in large flux rates of fluid where capable of being pumped through this porated 



membrane. 



With the method taught herein to create the controlled micrx^porations in the stratum 
comeum layer in the living subject's skin, the application of the fluid streaming mode of 
sonic/fluid interaction to the induction of fluid into or out of the body may now be practically 
explored. For example, clinical studies have shown that by making a series of four 80 ^m 
diameter micro-pores in a 400 m square, and then applying a mild (10 to 12 inches of Hg) 
suction to this area, an average of abouit I pi of interstitial fluid can be induced to leave the body 
for external collection in an external chamber. By adding a small, low power sonic transducer to 
this system, configured such that it actively generates inwardly converging concentric circular 
pressure waves in the 2 to 6 mm of tissue surrounding the portion site, it has been demonstrated 
that this ISF flux rate can be increased by 50%. 

By relieving ourselves of the desire to create some form of direct absorption of sonic 
energy in the skin tissues (as required to generate heating), frequencies of sonic energy can be 
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d«e™i„,d ftr Which ,h. Ski, to„ .„ ,i™„, „^„^ ^„ . ^ ^^^^ 
r-gionof 500 KHz. ^ven son,. .„h. 

»«ni.g h. „,„^ . ,^ ^ ^.^^ ^^^^ 

«.bj«,. skin „i„„.por„.d «,d ISP was ,nd.c«, „ „i, My ™ p«, o„ 

•he Energizing ,h. sonic «,sduc.rsho„«l dnmudc .isu.1 iniicoons of *c „f 
=co«ic s«™i„g „ s.,,,, ^ ^ ^ ^ 

swir,«..b».,. •»Pic.ln..gni,„d= of melon .«,.dc«,b.d.scHb«i« reikis: for.3„„ 
di«««cr ci^^poo, Of ,SR on s.*c Of *. skin. . .i„g,. ^ ^ 

compleung ronghl, 3 c«„p,.,. ^„ ^ second. This .,ua« „ . ,i„.„ 

2.5 mm/sccond. Al, of ftis »i.„ ^ den,ons«,«d wift «»ic po„„ i„„ d,. 

tissues of less than 100 mW/cm2. 

While one can easily view the ,op surface of the slcin. and the fluidic activity the«on. 

assessing what is taking place dynamically Within the skin tissue layers in «spon« 

into these tissues of sonic energy is much more difficult. One can assume, that if such large fluid 

velocities(e.g.>2.5mm/S) may beso easily inducedonthesurface.thensomenoticeab.eincr.ase 
in the fluid flow in the intercellular channels present in the viable dennal tissues could also be 
realized in response to this sonic ene.^y input. Currently, an increase in harvested ISF through 
a given set of micropo^tions when a low frequency sonic ene.^ was applied to the area in a 
circle surrounding the portion sites has been quantified. ,„ this experiment, an ISF harvesting 
technique based solely on a mild suction (10 to ,2 inches of HG) was alternated with using the 
exact same apparatus, but with the sonic transducer engaged. Over a series of 10 two-minute 
harvesting periods, five with mere suction and five with both suction and sonic energy active, it 
was observed that by activating the sonic source roughly 50% more ISF was collectable in the 
same time period. These data are shown in FIG. 30. This increase in ISF flux rate was realized 
with no reported increase in sensation from the test subject due to the sonic energy. The 
apparatus used for this experiment is illustrated in HGS. 3 1 -33. TT^e transducerassembly in FIGS. 

31-33 is comprised ofathich walled cylinder of piezo-electricmaterial. with an internal diameter 
of roughly 8 mm and a wall thickness of 4 mm. The cylinder has been polarized such that when 
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*.ck„«s of*. ™„ Of ,he o,ll,to,xp.„d. » con„cB » „,p,„„ » .h. fi.ld p„,.rt„. „ 
pracioo, ftb conflgondo. ,«ute i„ . dcic. which npidi, feu. which has b..„ 

««o„.d into ,h. c.„„l hole, c«,.I„b „ „di., „„ic s^mta, .ffcc, «, U,„se tods 
present » d,ese .issues. Tlis i„..,d aeoustle sae»,ing is responsib,. for bri»gi„g ,SF „ 
.he locaUon of d,. „ic,^pon,.r„„ i„ ft. „f 4. j.,^ ^ ^ 

external collection. 

A .h„l,„ device Show, i„ FiO. 3M.B „„ b„i|, .„d ^ ^ „„„„ 
,„ U,e m. 34A-B version, .„ u,«so,ie «„sd„cer b.,„ hy Zevex. .„c. S.I, Uice Chy, 
Utah, was modified by having a sp„„,a„ e»e.si», added ,„ *e sonic hon.. A 4 ^ hole was 
placed in *e 0.5 „,m fticlc spa».la,e end of fti, extension. When .cUv.„d.«,e principle moU™, 
is longitudinal along U,. length of the spatoia. ^„i„g i„ ^„,^„^ . ^ ^ 

motion. l»e physical petturbatlo. of the meulic spatui. casued by the placemen, of the 4 
hole, results in a ve^, active, but chaotic, large displ..e™«,t behavior a. «,is point h, „se, d,. 

skin of.h,subJec.w«, suctioned up i„.o*is hole, a«ld,.s„„ic.„c^„„a,c„cu„du«i„edi„to 
the skin in a fashion similar to that illustrated in FIG. 33. 

The novel aspect of this new application of ultrasound lies in the following basic areas: 

1. The function of .he ultrasound is no longer needed to be focused on penneabilizing 
the SC banier membrane as taught by Langer. Kost. Bommannan and others. 

2. A much lower frequency system can be utilized which has ve^. little absorption in the 
skin tissues, yet can still create the fluidic streaming phenomenon desired within the intercellular 
passageways between the epidermal cells which contain the intemitial fluid. 

3. TT,e mode of interaction with the tissues and fluids therein, is the so-called "streaming- 
mode, recognized in the sonic literature as a unique and different mode than the classical 
Vibrational Interactions capable of shearing cell membranes and accelerating the passive diffusion 
process. 

By optimizing the geometric configuration, frequency, power and modulations applied to 
the sonic transducer, it has been shown that significant increases in the fluid flux through the 
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porated skin sites can be achieved. The optimization of these parameters is designed to exploit 
the non-linearities g veming the fluid flow relationships in this microscopically scaled 
environment. Using frequencies under 200 icHz, large fluidic effects can be observed, without any 
detectableheatingorothernegativetissue interactions. The sonic power levels required to produce 
these measurable effects are very low. with average power levels typically under 100 
milliwatts/cm2. 



Therefore, the above examples are but representative of systems which may be employed 
in the utilization of ultrasound or ultrasound and chemical enhancers in the collection and 
quantification of analytes for diagnostic purposes and for the transdermal delivery of pemeants. 
The invention is directed to the discovery that the poration of the stratum comeum followed by 
the proper use of ultrasound, particularly when accompanied with the use of chemical enhancers, 
enables the noninvasive or minimally invasive transdermal detenninatlon of analytes or delivery 
of penneants. However, the invention is not limited only to the specific illustrations. There are 
numerous poration techniques and enhancer systems, some of which may function better than 
another, for detection and withdrawn of certain analytes or delivery of permeants through the 
stratum comeum. However, within the guidelines presented herein, a certain amount of 
experimentation to obtain optimal poration. enhancers, or optimal time, intensity and frequency 
of applied ultrasound, as well as modulation of frequency, amplitude and phase of applied 
ultrasound can be readily carried out by those skilled in the art. Therefore, the invention is limited 
in scope only by the following claims and functional equivalents thereof. 
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CLAIMS 



We claim: 

1 . A method for monitoring the concentration of an analyte in an individual's body 
comprising the steps of enhancing the penneability of the stratum comeum of a selected a«a of 
the indlviduaPs body surface to the analyte by means of 

(a) porating the stratum comeumofsaidselectedareaby means that fonnamicro-pore in 
said stratum comeum without causing serious damage to the underlying tissues, thereby reducing 
the bamer properties of said stratum comeum to the withdrawal of said analyte; 

(b) collecting a selected amount of the analyte; and 

(c) quantitating the analyte collected. 

2. n,e method of to Claim 1 further comprising applying sonic energy to said ported 
selected area a, a frequency in the nmge of about 5 kHz to 100 MHz. wherein said sonic energy 
is modulated by means of a member selected from the group consisting of frequency modulation, 
amplitude modulation, phase modulation, and combinations thereof 

3. n,e method of to Claim 2 further comprising contacting the selected area of the 
individual's body with a chemical enhancer with the application of the sonic energy to further 
enhance analyte withdrawal. 

4. Th«'n«hodofClaimsl.2.3.or4whereinsaidporatingofsaidstn»tumcomeuminsaid 
selected area is accomplished by means selected from the group consisting of (a) ablating the 
stratum comeum by contacting a selected area, up to about 1000 ,m acn,ss, of said stratum 
comeum with a heat source such that the temperature of tissue-bound water and other vaporizable 
substances in said selected area is elevated above the vaporization poim of said water and other 

vaporizablesubstancestherebyremovingthe^n^tum comeum in saidselectedarea;(b)puncturing 
said stratum comeum with a micro-lancet calibrated to fom. a micropore of up to about 1000 ,m 
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in diameter; (d) ablating the stratum comeum by focusing a tightly focused beam of sonic energy 

onto said stratum corneum;(d)hydrauIicalIypuncturingsaid stratum corneumwithahigh pressure 
jet of fluid to fom, a micropore of up to about 1000 ,m in diameter and (e) puncturing said 
stratum comeum with short pulses of electricity to form a micropore of up to about 1000 ,m in 
diameter. 



5. The method of Claim 4 wherein poking is accomplished by contacting said selected 
area, up to about 1000 ,m across, of said stratum comeum with a heat source such that the 
temperature of the tissue-bound water and other vaporizable substances in said selected area is 
elevated above the vaporization point of said water and other vaporizable substances thereby 
removing the stratum comeum in said selected area. 

6. The method of Claim 5 comprising treating at least said selected ar*a with an effective 
amount of a dye that exhibits strong abson^tion over the emission range of a pulsed light source 
and focusing the output of a series of pulses from said pulsed light source onto said dye such that 
said dye is heated sufficiently to conductlvely transfer heat to said stratum comeum to elevate the 

temperatureoftissue-boundwaterandothervaporizablesubstances in said selected areaabovethe 
vaporization point of said water and other vaporizable substances, wherein said dye functions as 
a heat source. 

7. ThemethodofClaim6whereinsaidpulsedlightsourceemitsatawavelengththatisnot 
significantly absorbed by skin. 

8. The method of Claim 7 wherein said pulsed light source is a laser diode emining in the 
range of about 630 to 1550 nm. 

9. The method of Claim 7 wherein said pulsed light source is a laser diode pumped optical 
parametric oscillator emitting in the range of about 700 and 3000 nm. 
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1 0. The method of Claim 6 wherein said pulsed light source is a member selectedfrom the 
group consisting of arc lamps, incandescent lamps, and light emitting diodes. 

n . The method of claim 6 further comprising providing a sensing system for determining 
when the barrier properties of the stratum corneum have been surmounted. 



means 



12. The method of claim 1 1 wherein said sensing system comprises light collection 
for receiving light reflected from said selected a,.a and focusing said reflected light on a 
photodiode. a photodiode for receiving said focused light and sending a signal to a cont«,ller 
wherein said signal indicates a quality of said reflected light, and a controller coupled to said 
photodiode and to said pulsed light source for receiving said signal and for shutting off said pulsed 
light source when a preselected signal is received. 

13. Themethodofclaim6fu,thercomprisingcoolingsaidselectedai«aofstratum corneum 
and adjacent skin tissues with cooling means such that said selected area and adjacent skin tissues 
are in a selected precooled. steady state, condition prior to poration. 

14. The method of claim 13 wherein said cooling means comprises a Peltier device. 

15. The method of claim 6 wherein said ablating results in exudation of interstitial 
fluid and said analyte is collected in a selected amount of said interstitial fluid. 

16. n,e method of claim 15 fiwher comprising, after said selected amount of intemitial fluid 
is collected, sealing said micropore by applying an effective amount of energy from said pulsed 
light source such that interstitial fluid remaining in said micropore is caused to coagulate. 

17. The method of claim 15 further comprising applying a vacuum to said porated 
selected area of stratum corneum for enhancing exudation of interstitial fluid. 
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18. The method of claim 6 further comprising, prior to porating said stratum con,eum. 
illuminating at least said selected area with unfocused light from said pulsed light source such that 
said selected area illuminated with said light is sterilized. 



1 9. TTie method of claim 5 comprising contacting said selected area with a metallic wire. 
Wherein said metallic wire functions as a heat source, such that the temperature of said selected 
area is raised from ambient skin temperature to greater than 100»C within about 1 0 to 50 ms and 
then returning the temperature of said selected area to approximately ambient skin temperature 

within about 30 to 50 ms and whereinacycleof rising the temperatureandretumingto ambient 
skin temperature is repeated a number of time effective for reducing the barrier properties of the 

Stratum comeum. 

20. The method of claim 19 wherein said returning to approximately ambient skin 
temperature is carried out by withdrawing said wire from contact with the stmtum comeum. 

21. The methodofclaim 20 further comprising providing means formonitoringelectrical 
impedance between said wire and said individual's body through said selected area of stratum 
comeum and adjacent skin tissues and means for advancing the position of said wire such that as 
said ablation occurs with a concomitant reduction in resistance, wherein said advancing means 
advances the wire such that the wire is in contact with the stratum comeum during heating of the 



Wire. 



22. The method of claim 21 further comprising means for withdrawing said wire 
from contact with the stratum comeum, wherein said monitoring means is capable of detecting a 

changeinimpedanceassociated with contactinganepidemiallayerunderlyingthe stratum comeum 
and sending a signal to said withdrawing means to withdrawn said wire from contact with the 
Stratum comeum. 
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23. The method of claim 20 wherein said metallic wire is heated by an ohmic heating 
element. 



24. The method of claim 20 wherein said metallic wire is formed such that it contains a 
current loop having a high resistance point and the temperature of said high resistance point is 
modulated by passing a modulated electrical current through said current loop. 

25. The method of claim 20 wherein said metallic wire is positioned in a modulatable 
alternating magnetic field of an excitation coil such that energizing the excitation coil with 
alternating current produces eddy currents suffient to heat the wire by Internal ohmic losses. 

26. The method of Claim 4 wherein said poratton is accomplished by puncturing said stratum 
comeum with a micro-lancet calibrated to form a micropore of up to about 1000 ^m in diameter. 

27. The method of Claim 4 wherein said poration is accomplished by ablating the stratum 
comeum by focusing a tightly focused beam of sonic energy onto said stratum comeum. 

28. The method of Claim 4 wherein said poration is accomplished by hydraulically punrturing 
said stratum comeum with a high pressure jet of fluid to form a micropore of up to about 1000 
/on in diameter. 

29. nie method of Claim 4 wherein said poration is accomplished by puncturing said strannn 
comeum with short pulses of electricity to fomi a micropore of up to about 1 000 ^m in diameter. 

30. The method of Claim 4, 6. or 19 wherein the analyte is glucose. 

3 1 . The method of claim 30 wherein the glucose is quantitated by means of a colorimetric 
assay with glucose oxidase or an electro-chemical biosensor. 
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32. A method for enhancing the transdennal flux rate of an active pemieant into a selected 
area of an Individual's body comprising the steps of enhancing the penneability of the stnttum 
comeum layer of said selected area of the individual's body surface to said active permeant by 
means of 

(a) ponaing the stratum comeum ofsaid selected ana by means that fomiamicn^pore 
in said stratum comeum without causing serious damage to the «,derlying tissues and thereby 
reduce the barrier properties of said stratum comeum to the flux of said active pem,eant; and 

(b) contactingthepotBtedselectcdareawlthacompositioncomprisingan effective 
amount of said permeant such that the flux of said pemieant into the body Is enhanced. 

33. Themethodofclaim32furthercomprisingappiyi„gsonicenergytosaidporated 
selected art^a for a time and at an intensity and a frequency effective to create a fluid streaming 
effect and thereby enhance the tnmsdemial flux rate of said pemieant into the body. 

34. The method of claim 33 wherein said sonic energy is applied to said porated 
selected area at a frequency in the range of about 5 kHz to 100 MHz. wherein said sonic energy 
is modulated by means of a member selected from the group consisting of frequency modulation, 
amplitude modulation, phase modulation, and combinations thereof 

35. The method of to Claim 34 further comprising contacting the selected area of the 
individual', body with a chemical enhancer with the application of the sonic energy to fiirther the 
flux of said permeant into said individual's body. 

36. ThemethodofClaims32.33.34.or35wherelnsaidporatingofsaid stratum comeum 
in said selected area is accomplished by means selected from the group consisting of (a) ablating 
the stratum comeum by contacting a selected area, up to about 1000 ^m across, of said stratum 
comeum with a heat source such that the temperature of tissue-bound water and other vaporizable 
substances in said selected area is elevated above the vaporization point of said water and other 
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vaporizablesubstanccs thereby removing the stratum comeum in said selectedarea; (b) puncturing 
said stratum comeum with a micro-lancet calibrated to form a micropore of up to about 1000 ^ 
in diameter, (d) ablating the stratum comeum by focusing a tightly focused beam of sonic energy 
onto said stratum comeum; (d) hydraulically puncturing said stratum comeum with a high pressure 
jet of fluid to fom, a micropore of up to about 1000 in diameter and (e) puncturing said 
stratum comeum with short pulses of electricity to fora, a micropore of up to about 1000 ;un in 
diameter. 

37. The method of Claim 36 wherein said porating is accomplished by contacting said 
selected area, up to about 1000 pm across, of said stratum comeum with a heat source such that 
the temperature tissue-bound water and other vaporizable substances in said selected area is 
elevated above the vaporization point of said water and other vaporizable substances thereby 
removing the stratum comeum in said selected area. 

38. Themethodofclaim37comprisingtreatingatleastsaidselectedareawithaneffectlve 
amoum of a dye that exhibits strong absorption over the emission range of a pulsed light source 
and focusing the output of a series of pulses from said pulsed light source onto said dye such that 
said dye is heated sufficiently to conductively transfer heat to said stratum comeum to elevate the 
tempcratureof tissue-bound water and other vaporizable substances in said selected area above the 
vaporization point of said water and other vaporizable substances, wherein said dye functions as 
a heat source. 

39. The method of Claim 38 wherein said pulsed light source emits at a wavelength that is 
not significantly absorbed by skin. 



40. The method of Claim 39 wherein saidpulsed light source is a laserdiode emitting in the 
range of about 630 to 1550 nm. 
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41. ThemethodofClaim39whereinsaidpulsedlightsourceisalaserdiodepumpedopti^^^ 
parametric oscillator emitting in the range of about 700 and 3000 nm. 

42. Themeti,odofClaim39whereinsaidpulsedIightsourceisamemberselectedfromthe 
group consisting of arc lamps, incandescent lamps, and light emitting diodes. 

43. Themethodofclaim38furthercomprisingprovidingasensingsystemfordetermining 
when the barrier properties of the stratum comeum have been surmounted. 

44. The method of claim 43 wherein said sensing system comprises light collection means 
for receiving light reflected from said selected area and focusing said reflected light on a 
photodiode, a photodiode for receiving said focused light and sending a signal to a controller 
wherein said signal indicates a quality of said reflected light, and a controller coupled to said 

photodiode andto said pulsedlightsoun« for receivingsaid signal and for shuttingoff said pulsed 
light source when a preselected signal is received. 

45. n,e method of claim 38 further comprising cooling said selected area of stratum comeum 
and adjacent skin tissues with cooling means such that said selected area and adjacem skin tissues 
in a selected precooled, steady state, condition prior to poration. 



are 



46. The method of claim 45 wherein said cooling means comprises a Peltier device. 



47. The method of claim 38 further comprising, prior to porating said stratum 
comeum. illuminating at least said selected area with unfocused light from said pulsed light source 
such that said selected area illuminated with said light is sterilized. 



48. The method of claim 37 comprising contacting said selected area with a metallic wire, 
wherein said wire functions as a heat source, such that the temperature of said selected area is 
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raised from ambient skin temperature to greater than lOOX within about 10 to 50 nis and then 
retuming the tempen»ture of said selected area to approximately ambient skin tempemur, within 
about 30 to 50 ms and wherein a cycle of raising the temperature and returning to ambient skin 
temperature is repeated a number of time effective for reducing the barrier properties of the 
Stratum comeum. 



49. The method of claim 48 wherein said returning to approximately ambient skin 
temperature is carried out by withdrawing said wire from contact with the stratum comeum. 

50. The method of claim 49 further comprising providing means for monitoring electrical 
Impedance between said wire and said individual's body through said selected area of stratum 
comeum and adjacentskin tissues and means for advancing the position of said wire such that as 
said ablation occurs with aconcomltant reduction In resistance, wherein said advancing means 
advances the wire such that the wire is In contact with the stratum comeum during heating of the 



Wire. 



51. The method of claim 50 farther comprising means for withdrawing said wire 
from contact with the stratum comeum. wherein said monitoring means is capable of detecting a 

changeinimpedanceassoclated with contactinganepidem,alIayerunderlyi„g the stratum comeum 
and sending a signal to said withdrawing means to withdrawn said wire from contact with the 
Stratum comeum. 



52. The method of claim 49 wherein said metallic wire is heated by an ohmic heating 
element. 



53. The method of claim 49 wherein said metallic wire is fomied such that It contains a 
current loop having a high resistance poim and the temperature of said high resistance point is 
modulated by passing a modulated electrical current through said current loop. 
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54. The method of claim 49 wherein said metallic wire is positioned in a modulatable 
alternating magnetic Held of an excitation coil such that energizing the excitation coil with 
alternating current produces eddy currents suffient to heat the wire by internal ohmic losses. 

55. The method of Claim 36 wherein said poration is accomplished by puncturing said 
stratum comeum with a micro-lancet calibn.ted to fom, a micropore of up to about 1000 ^ i„ 
diameter. 



56. The method ofClaim36whe«insaid poration is accomplishedbyablatingthestnttum 
comeum by focusing a tightly focused beam of sonic energy onto said stratum comeum. 

57. The method of Claim 36 wherein said poration is accomplished by hydiaulically 
puncturing said stratum comeum with a high pressure jet of fluid to fom, a micropore of up to 
about 1000 lun in diameter. 

58. The method of Claim 36 wherein said poration is accomplished by puncturing said 
stratum comeum with short pulses of electricity to fom, a micropore of up to about 1000 ;un in 

diameter. 



59. A metiiod for appyling a tatoo to a selected area of skin on an individual's body 
surface comprising the steps of: 

(a) porating the stratum comeum of said selected area by means that fomi a 
micro-pore in said stnitum comeum without causing serious damage to the underlying tissues and 
thereby reduce the barrier properties of said stratum comeum to the flux of said active pemieant; 
and 

(b)contactingtheponitedselectedareawithacomposition comprising aneffective 
amount of a tattoing ink such that the flux of said ink into the body is enhanced. 
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60. A method for reducing a temporal delay in diffusion of an analyte from blood 
of an individual to said individual's interstitial fluid in a selected area of skin comprising applying 
means for cooling to said selected area of skin. 



61. A method for reducing evaporation of interstitial fluid and the vapor pressure 
thereof, wherein said interstitial fluid is being collected from a micropore in a selected area of 
stratum comeum of an Individual's skin, comprising applying means for cooling to said selected 
area of skin. 
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